Introduction
Today, supply chain management (SCM) has become a vital issue for companies because, through that, they can maintain their market share in complex competitive environments. The main objective of supply chain management is to move the products and servicesfrom suppliers to its endpoint customers [1] . One of the efficient tools that can make moreprofit for supply chins is inventory management [2] . It determines when and how much to be ordered to meet customer service requirements and satisfy cost-effective production.The first classical inventory model is the economic order quantity (EOQ). The EOQ determines the order lot size that would be a balance between holding costs and ordering costs at the planning horizon. EOQ's simple formulation has led to an ever-increasing application of it in industrial and research environments through the last century. Although EOQ is the most well-known model of inventory, some of its assumptions rarely happen in real-life situations.During the last decades, a numerous number of researches has been presented in literature so as to improve the classical EOQ model by relaxing its basic assumptions. As mentioned above, one of these unrealistic assumptions is that all of theproduced items are of perfect quality. However, in practice, there are defective items being receiveddue toout of control production process, weak maintenance planning, failure in transportation, inadequate training of workers, insufficient work control and weak audit process.In order to formulatethe inventory policy with imperfect qualityitems, one of the most repeated and practical approaches is to assume that a percentage of the received or produced lot isdefective.An inspection process should be institutedto recognize those items.
It is oftenimpossible to avoid inspection errors due to human errors,noncalibrated measurement instruments, environmental factors, etc. Everyinventory model under inspection errorsshould decide what action is needed on returning items from the market.The most common actions in literature are(i) replacement with non-defective items and (ii) refunding with full price. In the case of replacement with a non-defective item, note that the replacement item may also be imperfectagain. Delivering more than onceimperfect items to customers can be detrimental to the credibility of the company and may even lead to the lost sale. To prevent this, in this research, an inventory model with imperfect items is proposed under the inspection error, which, through a complementary inspection process, ensures that the delivered items to customers who have once received imperfect item are non-defective.
The rest of this article is organized as follows. Section 2 reviews articles on classical inventory models with imperfect quality items. Section 3 provides nomenclature, assumptions, and model description and develops a mathematical model. In Section 4, a numerical example is presented to illustrate the proposed inventory model, and a sensitivity analysis is performed for the main parameters of the model. In Section 5, some of the results of the model are deduced, and possible orientations for future research are outlined.
2.Literature Review
In recent decades,someresearchers have extendedthe classic inventory models forimperfect items.They have used different approaches for this purpose. One of those that has been recently attracted a substantial amount of attention is that the percentage of imperfect items are supposed to be a known parameter. Salameh and Jaber [3] is the first research that developed the classic inventory control models(EOQ/EPQ) with considering this assumption. Imperfect items are recognized through a100%inspection process and, at the end of the inspection process, are sold as a single batch with discounted price. Hayek and Salameh [4] suggested an EPQ model in which the imperfect items change to perfect items through a rework process, and backorder is allowed. Chiu et al. [5] , presented an EPQ model in which arework processprocesses a certain percentage of imperfect items to convert them to perfect items. They also consideredlower holding cost for imperfect items. Afterward, Rezaei [6] and Wee et al. [7] extendedthe model of Salameh and Jaber [1] with the backordering shortage allowed. Moreover, Jabber et al. [8] extended Salameh and Jaber's [1] model with considering the learning effect for imperfect items. In their research, the percentage of imperfect items follows a logistic learning curve. Rezaei and Davoodi [9] studied the supplier selection problem in a multi-item inventory model with imperfect items. They also considereda limited warehouse capacity. Chung et al. [10] proposed an economic order quantity whererented warehouse can be used for holding the items.They supposed that inspection isperformedsimultaneously in warehouses, and investigated two cases depends on which warehouse inspection will end sooner.
Chang and Ho [11] revisited the mathematical relations of Wee et al. [7] according to renewal-reward theorem. Khan et al. [12] , reviewed the extensions of this context in literature by categorizing the literature according to six specifications.
Al-Salamah [13] developed an EOQ model that can't recognize imperfect items through the 100% inspection due to a destructive test in the inspection process.
To do so, a single acceptance sampling planwas used. Tsou et al. [14] considered an inventory problem with imperfect production process where the production and rework processes are executed simultaneously.Jaber et al. [15] extended the Salameh and Jaber [1] model for a case that replacing imperfect items with nondefective items is vital. They provided replacement by repairing or purchasingfrom a local supplier. Besides, Vishkaei et al. [16] presented an inventory model that stores imperfect items after the inspection until the end of the cycle and then returnsthem to the supplier. Mezei and Björk [17] examined the impact of backorders on a fuzzy economic production quantity model.Farhangi et al. [18] developed an economic order quantity model with imperfect quality items where all of imperfect items are exchangeable under completely backorder.Zhou et al. [19] studied an inventory model with imperfect production process where the manufacture faces a one-time-only discount.In addition, Hsu & Hsu [20] suggested an economic production quantity model, in which the shortage is completely backorder, defective items can be sold as discounted items at three time periods: (i)immediately after inspection, (ii) at the end of the production process, and (iii) at the end of the cycle. Datta [21] established an inventory problem with imperfect production process in which the defective rate may decrease by investing in technology, training, and so on. Likewise, the demand rate depends upon selling price and shortages are permitted. Abdel-Alim et al. [22] determined the decision variables of an inventory-production system by a response surface methodology. They also assumed that there are scrap and reworkable items in the production lot.Jaggi et al. [23] considered an inventory model with imperfect quality items. It was assumed that the perfect items deteriorate through the time. Moreover, the warehouse has a limited capacity and delay in payments is permitted. Taleizadeh et al. [24] presented an EPQ model, in which imperfect items become non-defective items through a rework process.
They assumed that the rework process is outsourced.Mokhtari [25] considered external supplier ordering in an EPQ model for avoiding shortage in a joint production-ordering inventory problem. He determines the optimal number of sub-production cycles and economic order quantity simultaneously.Liao et al. [26] considered an economic order quantitymodel with imperfect items in which there istwowarehouses and trade credit. They examined all possible scenarios about the duration of the inspection processand payment time. Cheng et al. [27] presented an integrated vendor-buyer inventory model with imperfect quality items. The vendor inspects own produced items and after recognizing, the imperfect items are sent out from the inventory system at a pre-determined cost.
Mokhtari [28] discussed a manufacturer inventory model which its order lot of raw material containssome imperfect quality (salvage) items. Besides, the production process produces some imperfect (reworkable) items.Parsaeifar et al. [2] determine the coordinated decisions on pricing, recycling, and greenness in a 3echelon supply chain where retailers returnthe imperfect quality items to the manufacturer for recycling. Recently, Mokhtari and Asadkhani [29] studied an EPQ model with preventive maintenance in which there was consideredtwo cases for the disposal time of imperfect quality items, involving at the end of every production or subproduction cycle. Nobil et al. [30] proposed an inventory model with imperfect production process with multiple products. A fraction of products are also reworkable and scrap items.
The work presented by Yoo et al. [31] is the first research that incorporated inspection errorsinto inventory models under imperfect quality items. In their model,a rework process is utilized to convert (i) the items that are recognized as imperfect in the inspection process and (ii) imperfect items returnedfrom customers, into non-defective items. Afterward, Khan et al. [32] proposed an EOQ model where the inspection process is also imperfect (with possible error). Lin and Chen [33] suggested an EOQ model that, in addition to the inspection errors, considers quantitative discounts and backordering shortage. Hsu [34] revisited an error in calculating the holding cost of the Khan et al. [32] model and then determined the corrected optimal order lot size. Hsu and Hsu [35] presented an EPQ modelwitherror in its inspection process. The imperfect items can be sold with a discountedprice at the end of the production process or at the end of the cycle. Sharifi et al. [36] described an EOQ model in which there are inspection errors and backorder. Chang et al. [37] developed an inventory model whereitems that are identified as defective in anerroneous inspection process,as well as defective items returned by customers, are sold ata discountedprice. Additionally, Aggrawal and Aneja [38] proposed an inventory model wherethe inspection process for received batches is erroneous. They assumed that the items that are identified as imperfect are reworked. Jauhari et al. [39] analyzed an inventory system in a supply chain in which the manufacturer has an imperfect production process, and the retailer attempts to recognize these items through an imperfect inspection process. Zhou et al. [40] suggested an EOQ model with salvage item which its inspection process is also imperfect. Besides, they assume that backorder is allowed and delay in payment may occur. Khanna et al. [41] considered an EPQ model, which its inspection process is imperfect, and the rework process is performed for return items from the market. Sofiana and Rosyidi [42]analyzed the inventory system in a two-level supply chain. The vendor produces imperfect items and also the customer has imperfect inspection process. Khan et al.[43] introduced a vendor-buyer supply chain in which the vendor's production rate increases due to learning effect. The buyer also performs an inspection process which is errorprone. Pal and Mahapatra [44]studiedan inventory system in which the production process and the inspection process are imperfect. Retailers receive defective items resulted from the manufacturer inspection errors, and after 8 recognizing them, there are three possible scenarios: (i) full discounting,(ii) full returns to the manufacturer, and (iii) partial discounts and returns. Wangsa and Wee [45]consider a single vendor-buyer supply chain whose manufacturer has a deteriorating production process which results in to deliver imperfect items to the buyer. The buyer also institutes an erroneous inspection process to classify and send back the defective items to the vendor. Table 1 compares the proposed problem of this article with existing problems in literature. As can be seen, several papers consideredinspection errors in classic inventory models with imperfect quality items. The major part of these studies replaces imperfect items with the items which inspector recognizes as perfect, while none of their models don't make sure from delivering perfect quality items to the customers which once received imperfect quality items. Under these conditions, it is always possible that a customer receives imperfect quality items even more than once. Since the service level is important in real-world markets, we designa mechanism for resolving this problem in such an inventory problem. This article develops a model which replaces returned items from the market with a batch containing perfect quality items by aperfect inspection process. Moreover, due to the reduction of the holding cost, some of the literature researches assume more than one sales per cycle for imperfect quality items. Therefore we also add such flexibility to our proposed model where holding cost is high, and it is possible multiple sales for returned items. Table 1 here <<
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3.Mathematical Modeling
In this section, we are going to describe and formulate the proposed inventoryproblem. For this purpose, we first represent the nomenclature that is used throughout this paper. Then model assumptions are introduced, and then we describe the inventory problem. Finally, based on the nomenclature and assumptions,the model is formulated and the optimal order size is calculated. 9 We utilize the below nomenclature throughout this article. 
3.1.Nomenclature and Assumptions
Parameters and variable
3.2.Description and Formulation
As mentioned before, we aim to develop an inventory control model with imperfect quality itemsunder inspection errors, batch replacement and multiple sales of returned items. Figure 1 illustrates the behavior of theinventory level during theinventory planninghorizon. The buyer orders a lot of size y from a vendor that contains apercentage of the defective items p . Immediately after receiving the order, the regular inspection process is begun in order to identify defective items. The inspection process evaluates the quality of all received items under a 100% inspection process. During the inspection interval 1 t , the inspection processoperates under known screening rate x andinspection costper unitd . It is also assumed that the regular inspection process is imperfect. The imperfect 
It is obvious that for avoiding the shortage, number of items which are used for satisfying the demand must be at least equal to demand in cycle length. Therefore we have:
Also for avoiding shortage in the regular inspection process, the regular inspection rate in every period must be big enough that after subtracting 1 B and 2 B items, can still satisfies the demand. So it can be concluded that:
For ensuring that customersdo not receive defective items more than once in every cycle we need a special inspection process. The customers that receive defective items as non-defective items, return them. For assurance that they receive nondefective items for the second time, they have to receive items from special inspection. The special inspection process starts immediately after the regular inspection processand its purpose is to separate 2 B non-defective items from the items which regular inspection process recognizes them as non-defective and are not consumed till the end of regular inspection process. This process incursa screening cost per itemu . As it is obvious in Figure 1 , the special inspection process time is 21 tt  . After the end of special inspection process, the non-defective items are sold as a batch to waiting customers. It causesan instantaneous reduction of inventory level 
After finishing the special inspection process at time 
By using L t and knowing that 3 L t t T , we can conclude that:
The main purpose of this section is to find the order size which optimize the total profit per unit time. To do so, we calculate the total revenue and costfunctions for one cycle of proposed inventory problem. The revenues of one cycle, which denoted byTR ,is sum of thesales of non-defective items, sales of recognized defective items and sales of returneddefective items, So we can write total revenue TR as follows:
The total cost of proposed inventory system is the sum of the procurement cost, the total inspection cost, the inspection error cost, the holding cost and the waiting cost. The procurement cost PC equals to the sum of ordering and purchasing costs, as follows.
PC k cy 
Where k indicates the fixed ordering cost and c denotes the purchasing cost of items per unit.The total inspection cost per cycle TIC equals to the sum of regular inspection costand special inspection cost. As discussed before, every item must pass through the regular inspection process, while the special inspection seeks to recognize 2 B non-defective items. Therefore TIC can be computed as follows.
TIC dy uyp 
Whered and u are the regular and special inspection cost per unit respectively. The inspection error cost IEC consists of the cost incurred by non-defective items reject cost due to type I error and the cost incurred by defective items acceptance cost due to type II error. Considering these costs, IEC is formulated as follows.
In which r c is the reject cost of a non-defective itemsper unit and a c is the acceptance cost of a defective items per unit. The holding cost percycle includes the holding cost of non-defective items, the holding cost of items that are recognized as defective, and the holding cost ofthe returned items. Then HC can be calculated as.
Where h is the holding cost of items per unit per unit time.Thewaiting cost per cycle WC is related to the customers that return defective items which are recognized as non-defective, and have to wait till the end of special inspection process to receive non-defective items. This cost is calculated as:
Which can be simplified, by substituting 2 B and T , to:
The total cost TC is obtained by summing the procurement cost, the total inspection cost, the inspection error cost, the holding cost and the waiting cost,as follows:
Now, in order to consider two different cases in terms of special inspection time period. Case 1 is considered where the special inspection process time is negligible and is assumed to be zero. In this case, the special inspection cost is high due to high fixed costs, while there is no holding cost for items from the special inspection process. Case 2 is considered when the special inspection time is maximum; in this case, the special inspection cost is less than that of Case 1, but the items from the special inspection process have a high holding cost. Two cases are discussed in details in the sequel. 
Since p ,  and  are random variables with knownprobability density function, based on renewal reward theorem, we can conclude that the total profit per unit time is calculated as follows: 
To determine the order size that maximizes the total profit per unit time, the first derivative and the second derivative of   E TPU y   are derived as:
      
 
To achieve the optimal order size, we obtain the first and the second derivatives of   E TPU y   as:
As can be seen, the second derivative of   E TPU y   is always smaller than zero, so   E TPU y   is a concave function. For an optimal order size that maximizes the total profit per unit time, there is a unique and global solution that can be obtained by setting the first derivative to zero as follows.
Similar to Case 1, if we relax the conditions that we used for designing our proposed inventory problem, then the optimal order size is reduced to the optimal order size for the classic EOQ model, i.e., ** 
4.Experimental Results
In this section, we provide a numerical example for investigating the application of the proposed problem in two cases. We obtain the optimal order sizesand then calculate optimal expected valuesfor the total profit per unit timeofcases1 and2separately. Then we compare two cases toselect the more profitable one.
Finally, we execute a sensitivity analysis for themain parameters of the problem and discuss the results.
4.1.Numerical Example
In this section we present a numerical example for comparing the application of . As can be seen case 2 gains $673.12 profit per unit time more than case 1. It is also obvious that both cases have equal revenues and the profitability of case 2is related to its lower cost value.As we expected from the model expression section case 1 model has less holdingcost than case 2 model and in return the case 2 model is less expensive in special inspection section.
According to the results presented in Table 2 , case 1 saves $3.59 per unit time in terms of holding cost,while case 2 has $680. 27 per unit time less cost in terms of special inspection cost. It is noteworthy that case 1 has a better situation than case2 in terms of procurement cost but it excellence is so small that it has no effect on the profit per unit time. Table 2 here << Figure 3 shows the expected profit per unit time for cases1 and 2 as a function of order size. This figure demonstratesthe concavity of total profit per unit time for both cases graphically. As an observation in this figure, we see that moving toward the order size bigger than optimalorder size, in both models, the profit per unit time decreases with less slope than moving toward the order size smaller than the optimalorder size. When order size is 2400, the profit per unit time decreases 0.008% with respect to optimal value, while at order size 3000, the profit per unit time decreases 0.004% with respect to optimal value. Also, it is obvious that case 2 has a better profit for all the range amounts around optimal order size of both models. Figure 3 approves that case 2 gains0.05% profit more than case 1 for every value of order size. Since results imply that case 2 is more profitable than case 1, the sensitivity analysis will becarried out forthis case in the sequel. Figure 3 here <<
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4.2.Sensitivity Analysis
In this section, an analysis of sensitivity is performed for the various amounts of the main parameters, the percentage of defective items p , the probabilityof type I error  , probability oftype II error  , the number of discounted sales per cycle w , the holding cost per unit per unit time h , the special inspection cost per unit 2 u , the waiting cost per unit per unit time  and the demand rate per unit time D in the case2 of problem. For each parameter, the amount of parameters are changed in the range of -50% to +50%, while the remaining parameters are fixed, and then the effects of changesin parameter on profits, revenues and costsarerecorded. For parameters of the same natureand scale, the analysis is depicted on a singleplot. Table 3 shows the variation of total profit per unit time with respect to the changes of defective items percentage p . Because   fp follows a uniform distribution with the parameters a and b , in order to change   Ep, we consider different values for b , while leaving the remaining parameters unchanged. The optimal order size, in the range of p , has increased 466.96 unit, which can be concluded that by increasing in the defective items percentage p , the order size increases in such a way that we can still satisfy the demand and no shortage occurs. As logical reasoning also confirms, by increasing parameter p , total profit per unit time should decrease. Table 3 indicates that total revenues and total costs per unit time are increasing, however, the increase in costs is higher than the revenues. In the changes range, the total revenue per unit time has increased for 88615.56$ and total costs per unit time have increased for 153976.32$ which ultimately leads to 65360.76$ in total profit per unit time. The reason is that the revenue generated throughincreasingin the sale of the items recognized as defective items (returning items from the market), but increasing in the defective items percentage will increase procurement costs, regular inspections costs, special inspection costs, inspection errors costs, and waiting costs. Table 3 here << Table 4 shows the profit variation according tovariations in type I error probability  . Also   f  follows the uniform distribution with parameters c and d . We adjust c and d in such a way that   E  changes in the range of -50% to +50%. Also by increasing in  , the order size increases too but has a far less increase than parameter p and only increases 41.8 unit.The total revenues per unit time in the range of  increases as 43389.22$ and the total costs per unit time increase as 130157.95$. It is obvious that costs have grown three times than revenues which cause profit decrease as 86768.73$ in the range of variations. Losing more profit than parameter p occurs for three reasons, first revenues don't grow as p . second inspection errors costs increase with more gradient because of  change, and third is that holding cost decreases with increase in p but increases when  increases. Table 4 here << Table 5 shows the total profit variations per unit time according to the variations of thetype II error probability  . It is assumed that   f  follows a uniform distribution with the parameters e and f same as two previous parameters. Here the parameters e and f are changed in such a way that   E  changes according to the desiredrange. Unlike the p and  parameters, this time, with the increase in the parameter  , the optimal order size decreases partial as much as 7.01. The total profit per unit time has still an inversely proportional to the parameter  , but this time it is less sensitive than the two previous parameters. There are several reasons why this happens. First reason is that the revenue from selling of recognized items as defective in the range of  decreases, while the revenue from sales of returns items from the market increases, and then the total revenue remained unchanged. The second reason is that the total cost per unit time is only increased up to17719.22$, which is less than those of the two previous parameters.
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The reason for this is that the constancy of regular inspection cost and decrease in holding costs. The rest of the costs, though they have grown, in most cases have become more lenient in there increase gradient. Table 5 here << Figure 4 illustrates the variations of totalprofit per unit time for theparameters p ,  and  in the range of -50% and 50%. Obviously, all three parameters have inverse relationship with total profit per unit time. The gradient figure forparameter  indicates that the fluctuations in its valueswill have the greatest effect on the total profit per unit time. Also by the variations in the parameter p , even though it has less effect on earning the profit per unit time, is almost equal to the level of theparameter  . The total profit per unit time by variations in theparameter  in the range of similar variations of the parameters p and  , shows a lower sensitivity. It can be concluded that in our proposed model, controlling and leading the variation of the probability of the type I inspection error is prioritized. Table 6 shows the changes of total profit per unit time according to the variations in parameter r c (cost of rejecting a non-defective item). This parameter has been changed between 15$ and 45$. As it is expected, the optimal order size remains constant with the increase in the r c . Table 6 confirms that the r c does not affect any of the revenue components and therefore has no effect on the total revenue per unit time. In contrast, the total cost per unit time has increased as 61224.49$, which its only reason is the increase of inspection error cost to this value. Moreover, the remaining costs remain unchanged. As a result, the total profit per unit time will decrease as the total cost per unit time increases. The last row of the table shows that the change in profit per unit time, according to the r c , is linear and has a significant impact on profit. Table 7 shows the changes of total profit per unit time according to variations in the parameter a c (cost of accepting a defective item). We will change this parameter in the range of 100$ to 300$. As it is obvious, a c does not play a role in optimal lot size formula, and therefore the optimal order size does not change with its variations. Aswe expected, an increase in the a c only increases the inspection error cost, which leads to an increase in the total cost per unit time and a decrease in total profit per unit time as same amount. Table 7 here << , which proves the logic of the above contradiction. Therefore, although the r c has smaller amounts but its decrease makes it more profitable than a c . Table 8 shows the changes in total profit per unit time according tochanges in the parameter  (thewaiting cost per unit time). This table changes the value of the parameter  from -50% to 50% while leaving the remaining parameters unchanged. By increasing the value of the parameter  , the order size must be reduced whichis supported by the results presented in this table. Despite decreasing in the optimal batch size, separated revenues per unit time and, consequently, total revenues per unit time, remain constant because they are independent from the order size and the waiting cost per unit time. Moreover, by this change, procurement costs, inspectionerrors costs and waiting costs are rising and holding costs are reduced. As the results presented in the table show, the sensitivity of total profit per unit time,with respect to the parameter  , is insignificant. Table 8 here << Figure 6 shows variations of total profit per unit timethrough variations in the parameter  in range -50% and 50%. As it is clear in this figure, the parameter  has a reverse relationship with total profit per unit time. Furthermore, total profit variations have low rate due to, the low sensitivity of optimal order size to this parameter, which causes little variations in procurement cost, inspection error costs and holding cost. Figure 6 here << Table 9 shows the variationsof total profit per unit timeaccording to the changes in parameter w (the number of discounted sales of return items per cycle). We change the parameter w from 4 to 12 times bigger to examine the fluctuations of all components of total profit and the order size. Obviously, optimal order size is increased by increasing theparameter w . Changing this parameter does not make any difference in the components of total revenues per unit time. As it is shown by Table 9 , regular inspection cost, special inspection cost, inspection errors cost and waiting cost are fixed, but procurement and holding costs are decreasing by increasing w , which result in an increase in total profit per unit time. Of course, the important point is that total profit per unit time is less than 1$ in the range of changes. The last row of the table clearly shows that this parameter has special properties over the six previous parameters. First, in contrast to the remaining parameters, there is a direct relationship with total profit per unit time. Secondly, its sensitivity analysis is nonlinear, and third, for the total profit per unit time, it is the most non-sensitive parameter till now. Table 9 here << Figure 7 shows variations of total profit per unit timethrough variations in the parameter w , in range of -50% and 50% of its original amounts. As it is expected from the results of Table 9 , the variations are nonlinear and exponential; however, the trend of total profit variations per unit time is so low. The reason for this is that the parameter w is a part of the holding cost, and the total holding cost is only 0.2% of the total cost. In fact, its fluctuations, although is high in the holding cost scale, does not have much effect on total profit per unit time. Table 10 shows the variations of totalprofit per unit time according to the parameter 2 u (special inspection cost per unit for case 2). We will change 2 u between 4$ and 12$ to see how it affects total profit per unit time. Changing this parameter has no effect on the optimal order size.The last column of the table also indicates that the remaining components of total profit per unit time do not change, and the profit will be decreased exactly to the same amount. Table 10 here << Figure 8 shows variations of total profitper unit time for the parameter 2 u in range of -50% and 50%. It is clear that parameter 2 u has an inverse relationship with the total profit per unit time. Of course, by increasing the special inspection cost per unit from 4$ to 12$, the total profit increased only by 0.0005%, so controlling this parameter or attempting to decrease it would have little effect on increasing in total profit. Figure 8 here <<
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5.Conclusions
In this paper, we developed the classical economic order quantity(EOQ) model to a case in whichthe order batch contains some defective items, and there arepossible inspection errors (type I and type II)which may occur inrecognizingthe defective items. Nowadays,most of the customers prefer to receive non-defective items, however, it is possible due to type II error. This unpleasant experience, could reduce the credibility of the vendor or even make lost sale. Hence, we added a special inspection process, which is performed immediately after the regular inspection process, to prevent delivering more than one defective items to customers. For this purpose, at the end of special inspection process, batch replacement iscarried out for satisfying demand of the returns sales items. In addition, we provided multiple sales opportunitiesfor returning items from the market, which gives more flexibility to the model. Then, we presented two cases based on the length of the special inspection process.The firstcase considersthe insignificant length of the special inspection, while the second case assumed the length ofinspection process to be the maximum possible time. The concavity has been proved for the total profit per unit time of both cases, and then the optimal order size is derived for both cases analytically. A numerical example was presented to compare two cases and analyze the results. The numerical example shows the superiority of case 2against case 1 in terms of total profit per unit time.
The greater profitability of case 2 is due to the greater savings in the special inspection cost than case 1. Finally, we performed acomprehensive analysis ofsensitivity for the main parameters of the problem. The results indicated that by increasing the probability that an item is defective p , the type I error probability , the type II error probability  , the cost of rejecting a non-defective item r c , the cost of accepting a defective item a c ,thewaiting cost per unit time  and the special inspection cost per unit 2 u , the total profit per unit time will decrease, and in contrast, the increase in the number of discounted sales of return items per cyclew increases profit per unit time. The total profit per unit time has the high sensitivity to the parameterssuch as type I error probability , the probability that an item is defective p andthe cost of rejecting a non-defective item r c , and slight sensitivity to the number of discounted sales of return items per cyclew and thewaiting cost per unit time  .
As an interesting area for future research, this study can be extended with case that assumes the special inspection time is a function with respect to special inspection cost per unit.Moreover, the holding cost for perfect quality items can be different fromthat of imperfect quality items. As another interesting area for future study is theextension of this model for cases with scrap, reject or repairable items.As well as, the proposedinventory problem can be incorporated into the concepts of pricing, quantitative discounts for purchasing, delay in payment. Table 1 : Literature review of inventory models with imperfect quality items Table 2 : The optimal order size and total profit per unit time for two cases 33 Table 3 : Sensitivity analysis of the probability that an item being defective p Table 4 : Sensitivity analysis of the type I error probability Table 5 : Sensitivity analysis of the type II error probability  Table 6 : Sensitivity analysis of the cost of rejecting a non-defective item r c Table 7 : Sensitivity analysis of the cost of accepting a defective item a c Table 8 : Sensitivity analysis of the waiting cost per unit time  Table 9 : sensitivity analysis of the number of discounted sales of return items per cyclew results Table 10 : Sensitivity analysis of special inspection cost per unit for case 2 2 u results 
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